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(1) A photoelectric conversion characterized by having a first conductive material 
and a second conductive material, at least one of which can transmit light, a 
ji-conjugated high polymer layer and an organic coloring matter layer which are 
interposed between the first conductive material and the second conductive material,. 

(2) The photoelectric conversion element as described in claim 1, is characterized 
in that the ji-conjugated high polymer layer is formed using at least one of 
polyacetylene, polyphenylenes, polyphenylene sulfide, a copolymer of polyphenylene 
oxide pyrrole and N-substituted pyrrole, a homopolymer of pyrrole, a homopolymer of 
N-substituted pyrrole, polythienylene, polyaniline, polyfuran and polyazulene. 

(3) The photoelectric conversion element as described in claim 1 or 2, in which the 
organic coloring matter layer is formed using a compound that has a capability to 
sensitize the Jt-conjugated high polymer layer. 

3. Detailed Description of the Invention 

The present invention relates to a novel photoelectric conversion element. 

Conventionally, as a photoelectric conversion element, a so-called solar battery 
has been mainly developed and put into practical use, which is obtained by forming a 
P-n junction in the vicinity of a surface of a silicon semiconductor. However, in 
addition to this, a photoelectric conversion element using a low-priced organic material 
is examined. Specifically, the one using;;a?$onductive high polymer material such as 
polyacetylene as a semiconductor, or the one using a photosensitization capability of an 
organic coloring matter such as phthalocyanine is examined. 

A sandwich-type photoelectric conversion element using such an organic 
material generally has a structure as shown in FIG 1. 

The principle of operation thereof is as follows: when light (8) which has 
passed through a transparent or semi-transparent electrode (1) enters an organic 
compound layer (2), potential difference is generated at an interface between the 
transparent or semi-transparent electrode (1) and the organic compound layer (2) so that 
photo-induced electric power is generated between lead wires (5) and (7). In this case, 
it is necessary that an anisotropic junction (for example, a P-n junction) or a schottky 
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junction is formed between the transparent or semi-transparent electrode (1) and the 
organic compound layer (2), and further, an isotropic junction such as an ohmic contact 
is formed between the organic compound layer and an electrode (3). More in detail, it 
is necessary that the value of the work function (Fermi level) under irradiation is 
transparent or semi-transparent electrode > organic compound layer « electrode, or 
transparent or semi-transparent electrode < organic compound layer ~ electrode. As 
for electric power between the lead wires (5) and (7), (5) is usually an anode in the 
former case and (7) is an anode in the latter case. Such a principle of operation is 
applied to an organic photoelectric conversion element. 

However, any photoelectric conversion element using an organic material as 
described above has disadvantages; namely, photoelectric conversion efficiency is low, 
photoelectromotive force that is obtained is unstable, and a lifetime is short. Therefore, 
there remain a lot of problems to be solved for practical application. 

The present invention is made in order to overcome the disadvantages of the 
conventional one. It is an object of the present invention to provide a low-priced and 
long-lived photoelectric conversion element in which a response wavelength region is 
broadened and photoelectric conversion efficiency is high by providing a first and a 
second conductive materials at least one of which can transmit light, a jt-conjugated 
high polymer layer and an organic coloring matter layer which are interposed between 
the first and the second conductive materials. 

FIG 2 is a cross-sectional view of a photoelectric conversion element 
according to one embodiment of the present invention. Reference numerals (9) and 
(12) denote conductive materials. The photoelectric conversion element can be 
obtained also by providing a conductive material layer over a substrate; however, the 
case of using a conductive material alone is shown in the figure for simplification. At 
least the conductive material (12) on the side that is irradiated with light can transmit 
light. A Jt-conjugated high polymer layer (10) is provided on the conductive material 
(9), an organic coloring matter layer (11) is provided thereon, and further, the 
conductive material (12) is deposited thereon to form the photoelectric conversion 
element. Then, lead wires (14) and (16) are connected to the conductive materials (9) 
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and (12) to take out electric power. It is to be noted that reference numerals (13) and 
(15) denote lead jointing terminals. 

The photoelectric conversion element according to one embodiment of the 
present invention is formed as described above. Details of the principle of operation of 
the photoelectric conversion element is not clear at this moment; however, the present 
inventors and others think out any one of the following photoelectric conversion 
mechanisms or a mechanism in which more than two of the mechanisms are combined. 
That is to say: 

(I) a mechanism can be assumed, in which a P-n hetero junction is formed 
between a Jt-conjugated high polymer and an organic coloring matter when the 
jt-conjugated high polymer is a P-type material and the organic coloring matter 
is n-type, and carriers (electrons and holes) generated in a junction area are 
charge-separated by an electric field in the junction area under irradiation so 
that electromotive force (or current) is induced to outside. Here, the same 
result can be obtained also when the ^-conjugated high polymer is n-type and 
the organic coloring matter is P-type. : .r - - - : : r \ — ■ *; - 

(II) It is believed that a schottky junction can be formed between a P-type 
jc-conjugated high polymer and a metal that has the lower work function when 
the jt-conjugated high polymer is a P-type or a n-type material. The schottky 
junction is expected to be formed between the n-type Jt-conjugated high 
polymer and a metal that has the higher work function. Although a schottky 
junction element itself can be used as a photoelectric conversion element, an 
MIS element (M: metal, I: inductor, S: semiconductor) is thought out in order 
to increase photoelectric conversion capability. It is known that open circuit 
voltage is increased in this element as compared with a simple schottky 
"element. 

An organic coloring matter is considered to be used as an inductor in this MIS 
element. 

Also, the organic coloring matter is considered to be not a simple inductor but 
the organic coloring matter absorbs light of a wavelength that cannot be used in 
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a semiconductor portion to generate carriers; the carriers are injected into a 
semiconductor; and electric charges are injected into a metal in order to 
increase conversion efficiency. In this case, a thick film (layer film) of the 
organic coloring matter that is used as an inductor must be thin enough to flow 
current by a tunnel mechanism. 
(Ill) There is a case in which an organic coloring matter is an inductor but is not as 
thin as in the case of (II), although the concept is similar to the one of (II). In 
this case, a mechanism is as follows; when the work function of the conductive 
material (9) and the work function of the conductive material (12) are different 
from each other, an electric potential gradient is generated inside the element 
based on difference in work function of both conductive materials, and pairs of 
an electron and a hole generated in the organic coloring matter layer and the 
jc-conjugated high polymer layer due to irradiation are efficiently separated so 
that electromotive force (or current) is took out to outside. The conversion 
efficiency is believed to be higher as the difference in work function between 
both conductive materials is larger. At this time, when resistance of the 
^-conjugated high polymer layer is significantly lower than the one of the 
organic coloring matter layer by doping and the like, electric potential 
difference generated by the difference in work function of both conductive 
materials is almost applied into the organic coloring matter layer. Therefore, 
it is considered that pairs of an electron and a hole formed by light generated in 
the organic coloring matter layer can be separated efficiently. 
As described above, various photoelectric conversion mechanisms are given. 
In any case, the organic coloring matter and the 7t-conjugated high polymer are 
combined to be used to broaden a wavelength region of light that can be used to 
improve photoelectric conversion efficiency remarkably. 

As a conductive material that is used in one embodiment of the present 
invention, a metal that has the higher work function such as gold platinum, chromium, 
and palladium, a metal that has the lower work function such as indium, aluminum, 
gallium, and an alloy of indium and gallium, metal oxide such as tin oxide, indium 
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oxide, and indium tin oxide (ITO), carbon and the like are given. 

In addition, when the Jt-conjugated high polymer layer is directly formed and 
deposited by the first conductive material due to polymerization in electric field, the 
metal that has the higher work function, the metal oxide, carbon and the like are 
preferably used as a conductive material. 

As the second conductive material which is in contact with the organic coloring 
matter layer, a conductive material which can have an ohmic contact to the organic 
coloring matter layer is selected in the case of forming a P-n hetero junction of the 
photoelectric conversion mechanism (I); the metal that has the lower work function is 
used in the case of n-type organic coloring matter layer; and the metal that has the 
higher work function is used in the case of P-type organic coloring matter layer. In a 
photoelectric conversion element using the MIS element structure of the photoelectric 
conversion mechanisms (II) and (III), a metal is used, which is expected to form a 
schottky junction with a jt-conjugated high polymer, namely, the metal that has the 
lower work functionvis used .in-the case of a P-type Jt-conjugated high polymer; the 
7 v metal that has the- higher ^vork function is used in the case of an n-type Jt-conjugated 
high polymer. Of course, two or more conductive materials as described above may be 
stacked to be used in each case. 

As for a structure of an electrode which is formed of a light-transmitting 
conductive material used in one embodiment of the present invention, there is no 
particular problem when a transparent electrode is used. However, metal is usually 
deposited on the organic coloring matter layer or the jt-conjugated high polymer by 
vacuum deposition, sputtering, CVD (chemical vapor deposition), coating and the like 
in order to form a semi-transparent electrode. 

The light-transmission efficiency of the conductive material at this time is 
determined by considering contact resistance of the conductive material and the organic 
coloring matter layer or the Jt-conjugated high polymer layer, and resistance of the 
conductive material itself. Usually, the efficiency is controlled between 5 and 90 %. 
On the other hand, in the P-n type photoelectric conversion element, a comb-shaped 
electrode structure is preferred to be used as an electrode structure on the side that is 



6/16 



Sho60-28278 



irradiated with light in order to take incident light effectively. 

It is to be noted that glass, ceramic and plastic are given as a substrate when the 
conductive material is provided over the substrate in the photoelectric conversion 
element according to one embodiment of the present invention. 

As a jc-conjugated high polymer used in one embodiment of the present 
invention, the one having a conjugated double bond in a framework of a chemical 
structure such as polyacetylene, polypyrrole, polythienylene, polyaniline, 
polyphenylenes, polyphenylene sulfide and polyphenylene oxide is used. 

In addition, it is preferred to perform doping for the purpose of reducing 
internal resistance of the jt-conjugated high polymer. Usually, a ^-conjugated high 
polymer is an insulating material itself. The jt-conjugated high polymer can be a 
P-type or an n-type material by doping an electron acceptor (e.g. bromine, iodine, 
bromine iodide, arsenic pentafluoride, perchlorate oxygen and the like) or an electron 
donor (e.g. Na, K, li, amine and the like), and the conductivity thereof is universally 
-arid broadly controlled from a semiconductor region to a metal region. 

Among Jt-conjugated high polymers, the one that cian be formed by electrolytic - 
polymerization is preferably used since it has advantages that doping is performed at the 
same time when it is formed and the thickness of a generated high polymer film can be 
controlled by the amount of conduction charges. As such a jt-conjugated high polymer 
that can be formed by electrolytic polymerization, a homopolymer of pyrrole, a 
homopolymer of N-substituted pyrrole, a copolymer of pyrrole and N-substituted 
pyrrole, polythienylene (polythiophene), polyaniline, polyfuran, polyazulene and the 
like are given, each of which can be easily formed by electrolytic polymerization. 
When these jt-conjugated high polymers are used for a photoelectric conversion element 
in one embodiment of the present invention, one of the jt-conjugated high polymers may 
be used alone, or alternatively, two or more such ji-conjugated high polymer materials 
may be stacked to be used depending on the light absorption property of the material. 

As an organic coloring matter used in one embodiment of the present invention, 
the one having the absorption capability of light of a particular wavelength can be used. 
Considering the photoelectric conversion efficiency, an organic coloring matter is 
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preferable; which is capable of suppressing recombination of holes in the coloring 
matter and moving the holes to the rc-conjugated high polymer side effectively in order 
to sensitize a jc-conjugated high polymer layer. As such a coloring matter compound, 
for example, a xanthene based compound such as rhodamine B, a phenazine based 
compound such as safranine T, a phenothiazine based compound such as thionine and 
methylene blue, a cyanine based compound such as merocyanine and phthalocyanine 
can be given. As shown in FIG 2, these organic coloring matters are formed in layer 
on the jt-conjugated high polymer layer. A method of forming them may be a usual 
solvent casting method (including spinner coating or spray coating) or deposition. A 
thick film is preferably in a range of 200 A to 1 fxm considering that there are no 
pinholes and internal impedance of the coloring matter is prevented from increasing 
excessively. Pinholes are easily generated below 200 A whereas the internal 
impedance of the coloring matter increases too much over 1 jim. 

Also in this case, two or more organic coloring matters are stacked to be used 
in accordance with the light absorption property of the organic coloring matteL. In., 
addition, when the organic coloring matter is deposited on the jt-cpnjugated high 
polymer layer to which doping is performed, the organic coloring matter also serves as a 
protective film for the jt-conjugated high polymer layer, thereby resulting in more stable 
operation. 

It is to be noted that irradiation is conducted from the upper side in the FIG. 2; 
however, irradiation may be also conducted from the lower side with no problems when 
the conductive material (9) can transmit light. Moreover, one side or all sides of the 
photoelectric conversion element according to one embodiment of the present invention 
may be sealed with a material which dose not disturb light transmission or, for example, 
blocks only ultraviolet rays such as a silicon resin and an epoxy resin. 

The present invention will be described in detail hereinafter by embodiments, 
but the invention is not limited thereto. 

[Embodiment 1] 

A chromium (Cr) layer of 1000 A thick is provided over a glass substrate of 3.5 
cm x 7 cm by vacuum deposition and a gold (Au) layer of 2000 A thick is further 
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provided thereon by vacuum deposition to form a working electrode (i) (an effective 
working electrode area is 2 cm x 3.5 cm). Pyrrole (0.07 g), N-methylpyrrole (0.35 g) 
and tetraethylene ammonium perchlorate (0.7 g) are solved in acetonitrile of 100 ml to 
provide a reaction solution (i). A platinum (pt) electrode is used as a counter electrode 
and SCE (saturated calomel electrode) is used as a reference electrode, and they are 
soaked in the reaction contact solution (i) with the working electrode (i). Then, a 
certain amount of current (0.15 mA) is applied using the working electrode as an anode 
between the working electrode and the counter electrode for 90 minutes under a 
nitrogen gas atmosphere to form a jt-conjugated high polymer layer of approximately 
4000 A on the working electrode (i). Thereafter, vacuum drying is performed after 
washing using acetonitrile so that a jt-conjugated high polymer sample (i) is obtained. 
Next, a merocyanine coloring matter (by Japan photosensitive pigment Research 
Institute: NK-2045) is further provided on the Ji-conjugated high polymer layer sample 
(i) with a thickness of 800 A by vacuum deposition, and further, an aluminum (Al) layer 
is vacuum-deposited thereon. At this time, the light-transmission efficiency of the Al 
layer alone is 10 % to simple-color light of 500 mm. The photoelectric conversion 
element sample that is obtained as described is to be a sample (i). 
[Embodiment 2] 

As in Embodiment 1, by using the Jt-conjugated high polymer layer sample (ii) 
that is obtained in Embodiment 1, rhodamine B that is an organic coloring matter is 
vacuum-deposited to a thickness of 1000 A. Further, the Al layer is vacuum-deposited 
thereon under the same condition as in Embodiment 1. The photoelectric conversion 
element sample that is obtained as described is to be a sample (ii). 

[Embodiment 3] 

The working electrode (i) obtained in Embodiment 1, and the counter electrode 
and the reference electrode that are used in Embodiment 1 are used to form a 
polythiophene film of approximately 1 [xm according to a method by Kondo et al. 
(publication: J, O, B, Chem. Commun.) p. 882, 1988 so that a jt-conjugated high 
polymer layer sample (ii) is obtained. Next, on the Jt-conjugated high polymer layer 
sample (ii), a merocyanine coloring matter and an Al layer are vacuum-deposited as in 
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Embodiment 1 to obtain a photoelectric conversion element sample. This sample is to 
be a sample (iii). 

[Comparative example 1] 

On the Jt-conjugated high polymer layer sample (i) that is obtained in 
Embodiment 1, an Al layer is vacuum-deposited as in Embodiment 1. This is to be a 
comparative sample (i). 

[Comparative example 2] 

On the working electrode (i) that is obtained in Embodiment 1, a merocyanine 
coloring matter and an Al layer are vacuum-deposited as in Embodiment 1. This is to 
be a comparative sample (ii). 

[Comparative example 3] 

On the working electrode (i) that is obtained in Embodiment 1, rhodamine B 
and an Al layer are vacuum-deposited as in Embodiment 2. This is to be a 
comparative sample (iii). v . . 

The photoelectric conversion property of the samples (i) to (iii) and the 
comparative samples (i)^to (iii) that are obtained in the Embodiments 1 to 3 and the 
comparative examples 1 to 3 is made to be positive on Au side of each sample and 
negative on Al side. Then, each test that will be described hereinafter is conducted. 

[Photoelectromotive Force Test] 

Each sample is irradiated with light that is 10 mW/cm on the exposed surface 
from the Al electrode side of each sample by using a xenon lamp of 250 W, a UV cut 
filter (UV-38 by Toshiba) and an IR cut filter (HA-30 by Hoya glass). The open circuit 
voltage Voc (mV) generated in each sample after 3 minutes of the start of irradiation and 
short-circuit current Isc (fiA/cm 2 ) are collectively shown in Chart 1. 
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Chart 1: Voc and Isc of each sample 
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( — : Not Observed) 



According to the above chart, the photoelectric conversion element of the 
present invention is characterized in that the photoelectromotive force is excellent and 
the current density is particularly large. 

[Wavelength Dependency Test] 

The sample (i) and the comparative sample (ii) are irradiated with light that is 1 
mW/cnT on the exposed surface from the Al electrode side by using a xenon lamp of 
250 W and a band pass filter Toshiba interference filter: KI^42~KL 65) in order to 
measure Voc (mv) light wavelength (mm dependency. Results of the measurement are 
shown in FIG 3. 

Reference numeral (A) denotes characteristics of the sample (i), and (B) 
denotes characteristics of the comparative sample (ii) in the figurje. 

According to FIG 3, it is understood that the photoelectric conversion element 
of the present invention characteristically responds to light of the long wavelength side. 

In addition, according to the results of the photoelectromotive force test and the 
wavelength dependency test, it is also understood that the photoelectric conversion 
element of the present invention has excellent conversion efficiency to visible light. 

[Stability and Responsiveness Test] 

Under irradiation of the photoelectromotive force test, change in Voc (mv) of 
the sample (i) by ON/OFF repetition of irradiation at the ratio of 1 minute for 1 cycle is 
observed. The recorder trace of the results of measurement is shown in FIG 4. 

Reference numerals (C), (D), (E) and (F) in the figure each show the value of 
Voc (mv) of the first, the second, the 200th and the 201st ON/OFF. 
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According to FIG 4, it is understood that the photoelectric conversion element 
of the present invention has excellent stability and excellent responsiveness. 
[Lifetime Test] 

The sample (i) is sealed with a silicon resin (by Shinetsu Silicon: KE-106) and 
irradiated with light for 300 hours continuously under the condition of irradiation of the 
photoelectromotive force test. Then, change of Voc and Isc over time is measured. 
As a result, it is shown that retention of both Voc and Isc is 90 % or more of the initial 
state. 

Therefore, it can be said that the photoelectric conversion element according to 
the present invention has a longer lifetime as an organic element. 

As described above, the present invention can provide a low-priced and 
long-lived photoelectric conversion element in which a response wavelength region is 
broadened and photoelectric conversion efficiency is high by providing a first and a 
second conductive materials at least one of which can transmit light and a Jt-conjugated 
high polymer layer and an organic coloring matter layer which areinterposecLhetween 
the first and the second conductive materials. The photoelectric conversion element 
can be broadly applied, e.g. to a solar battery, a color sensor, a color recognizing sensor 
and the like. 

4. Brief Description of the Drawings 

FIG 1 is a cross-sectional view of a conventional photoelectric conversion 
element; FIG 2 is a cross-sectional view of a photoelectric conversion element in one 
embodiment of the present invention; FIG 3 is a figure showing change in open circuit 
voltage Voc (mv) by wavelength of irradiation light (mm) of a photoelectric conversion 
element that is a comparative example of the photoelectric conversion element in one 
embodiment of the present invention; FIG 4 is a figure showing change in open circuit 
voltage Voc (mv) by ON/OFF repetition rate of the irradiation of the photoelectric 
conversion element in one embodiment of the present invention. 

In the drawings, reference numeral (1) denotes a transparent or a 
semi-transparent electrode; (2) denotes an organic compound layer; (3) denotes an 
electrode; (4) and (6) denote lead jointing terminals; (5) and (7) denote lead wires; (8) 
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denotes irradiation light; (9) and (12) denote conductive materials; (10) denotes a 
jc-conjugated high polymer layer; (11) denotes an organic coloring matter layer; (13) 
and (16) denote lead jointing terminals; (14) and (16) denote lead wires; (A) denotes 
photoelectric characteristics of the sample (i); (B) denotes photoelectric characteristics 
of the comparative sample (ii); (C), (D), (E) and (F) each denote photoelectric 
characteristics of the first, the second, the 200th and the 201st ON/OFF repetition of 
irradiation. 

It is to be noted that the same reference numerals denote the same or 
corresponding portions in the drawings. 
Agent: Masuo Oiwa 
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Amendment of Proceedings (Voluntary) 

November 26, 1983 

To Commissioner, Patent Office 

1. Case Identification Patent Application No.:Sho58-188224 

2. Title of the Invention 

Photoelectric Conversion Element 

3. Amender: 

Relation to the Case: Applicant 
Address: 2-2-3, Marunouchi, Chiyoda-ku, Tokyo 
Name: (601) Mitsubishi Electric Corporation 
Representative: Nihachiro Katayama 

4. Agent 

Address: 2-2-3, Marunouchi, Chiyoda-ku, Tokyo 

c/o Mitsubishi Electric Corporation 
Name: (73.75).Patent.Attpm 

(Contact Information: 03-213-3421, Patent Division) 

5. Items Amended , 

Scope of Claims, the Detailed Description of the Invention and the Brief 
Description of the Drawings in the Specification 

6. Contents of Amendment 

(1) Scope of claims in the specification is amended as attached. 

(2) "gold platinum" in the line 20 on the page 7 in the specification is amended to "gold, 
platinum". 

(3) "is controlled universally" in the line 20 on the page 10 in the specification is 
amended to "can be controlled". 

(4) "reaction contact solution" in the line 4 on the page 14 in the specification is 
amended to "reaction solution". 

(5) "500 mm" in the line 15 on the page 14 in the specification is amended to "500 nm". 

(6) "filter Toshiba interference filter" in the line 8 on the page 17 in the specification is 
amended to "filter (Toshiba interference filter)". 
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(7) "light wavelength (mm" in the line 5 on the page 17 in the specification is amended 
to "light wavelength (nm)". 

(8) "(mm)" in the line 18 on the page 19 in the specification is amended to "(nm)". 
7. list of Attached Document 

One document, on which scope of claims after Amendment is described 



15/16 



Sho60-28278 



Scope of Claims 

(1) A photoelectric conversion element characterized by having a first conductive 
material and a second conductive material, at least one of which can transmit light, and 
a Ji-conjugated high polymer layer and an organic coloring matter layer which are 
interposed between the first conductive material and the second conductive material 

(2) The photoelectric conversion element as described in claim 1, in which the 
jt-conjugated high polymer layer is formed using at least one of polyacetylene, 
polyphenylene, polyphenylene sulfide, polypheny lene oxide a a copolymer of pyrrole 
and N-substituted pyrrole, a homopolymer of pyrrole, a homopolymer of N-substituted 
pyrrole, polythienylene, polyaniline, polyfuran and polyazulene. 

(3) The photoelectric conversion element as described in claim 1 or 2, in which the 
organic coloring matter layer is formed using a compound that has a capability to 
sensitize the Jt-conjugated high polymer layer. 
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